In this study, we conducted a subjective evaluation experiment of a dual manipulator, which exhibits different motion characteristics. There are three motion characteristics: two of which are age-related, and the third is a robot motion characteristic and is newly added to these two motions. The motions are evaluated from motion areas and motion velocities. Subjects are elderly and young people, and the impressions of the motions are compared in two of the different age groups by the Semantic Differential (SD) method. The obtained results indicate that there are age differences in the evaluation of three manipulator motion areas. The elderly people show a higher reliability and a higher familiarity in a robot motion area than in the other two motions. The elderly people seem to be more affected by the manipulator motion than the young people. Therefore, a careful consideration is required when planning the motion of a manipulator for elderly people.
Introduction
Recently, many robots that can perform various motions have been developed. These robots may be introduced into our lives (1) - (4) , and may be able to support the daily activities of elderly people in the current aging society. A robot manipulator and elderly people might need to perform some cooperative work in such a situation. Several studies have been performed to evaluate robot motions (5) - (7) . Such knowledge would help us to plan suitable robot motions for a person who performs cooperative work with a robot.
We have been interested in the age-related characteristics of a human arm motion, because as a target motion, we choose cooperative work. We have already obtained and reported some data on the characteristics of a human arm motion area, and constructed a dual manipulator system based on these data (8) - (10) . Previously obtained agerelated characteristics were used in this study.
The purpose of this study is to evaluate dual manipulator motions to obtain basic considerations for planning the motion of the dual manipulator of a robot that performs cooperative work with humans. In our previously reported study (11) , we found that human arm motions differ with age; thus, we hypothesized that evaluation results also differ in different age groups. Therefore, in this study, both elderly and young people participated in the evaluations.
Motion Area and Motion Velocity Characteristics of Right and Left Arms
The general work area of a person is typically divided into the maximum and normal work areas. The maximum work area is the area where a person can reach by extending his arms; the normal work area is the area where a person can work comfortably. On a 900 mm wide table, the maximum work area has a radius of 500 mm and the normal work area has radius of radius 300 mm. These areas are defined by each arm motion. When transferring an object on a table, it is typical to perform cooperative work in the maximum work area. Therefore, the working area, 480 mm on the x-axis and 240 mm on the y-axis, is considered to be the area where maximum work areas overlap between the experimenter's normal working area and the subject's normal working area. The x and y-axes of the measurement area are divided into 80 mm intervals and marked. This mark is defined as the measurement area shown in Fig. 1 .
In a previously reported study (9) , an experimenter and a subject sat on chairs and faced each other on opposite sides of the table. Subjects were 18 elderly people (average age: 61.7 years) and 20 young people (average age: 22.4 years). All the subjects were right-handed. The object was a typical steel can that can be used in daily life. The dimensions were a height of 105.0 mm, a diameter of 50.3 mm, and a weight of 33.0 g. The experimenter randomly put an object on one of the marked area. The subject took the object, then subject put the object using whichever arm was easier. This motion was measured for 28 marked areas in the working area. The random position was determined using a computer program.
The line connecting these values indicates the boundary of the right and left arms. Calculations were processed under the above-mentioned experimental conditions. Figures 2 and 3 show the results for the line connecting the ratio of 0.5. The elderly people use a wider area with their right arm in the putting motion. Motion ability tends to decrease with age; therefore, the elderly people can put the object with greater certainty using their dominant arm.
We analyzed the angular velocity of an elbow and a shoulder and the movement velocity of a human trunk, which affected an object transfer motion (10) . To clarify age-related characteristics, the obtained data were compared between the elderly and young people. A three-dimensional (3D) position measurement device (VICON140, OXFORD METRICS) was used for 3D measurement. Marks were attached to the trunk (neck), a shoulder, an elbow and a wrist of each subject, and a mark was also attached to the object, which is the steel can. The measurement areas of the object transfer motion are shown in Fig. 1 . The experimenter and a subject each sat on a chair and faced each other across the measurement area. The following series of motions were measured: 1) the experimenter put the object at any point of the measurement area, 2) the subject took the object after confirming that the arm of the experimenter had returned, 3) the subject moved and put the object back in its original position, 4) the subject put the object in the position where the experimenter originally put it, and 5) the subject returned his or her arm. The experimenter was a 22-year-old right-handed undergraduate student. The subjects were five elderly people (average age: 58.0 years) and ten young people (average age: 22.2 years). All the subjects were right-handed.
As a result of examining approximations using some functions on the basis of these conditions, the most suitable approximation was obtained using an exponential expression (10) . Equations (1) - (6) are the examples of the approximations in the (x,y) = (0,240) measurement area. In these equations, ω e is the elbow joint angular velocity (deg/s), ω s is the shoulder joint angular velocity (deg/s) and v t is the trunk motion velocity (mm/s).
• Velocity characteristics in elderly people: 
System and Hardware of Dual Manipulator
In this study, we employed tasks that can be performed with few degree-of-freedom manipulators. Therefore, a three-degree-of-freedom, parallel-link-type manipulator was designed and constructed for one manipulator (8) . Figure 4 shows the view of the dual manipulator. There are two rotations related to the human elbow and shoulder motions, and two sliders are related to the human trunk motion. In addition, the wrist can be fixed at any position, and in this study, it is fixed at 30 deg. Two electric magnets are attached to the end effector to receive the object from a person. Since electric magnets are used, it is safe for the person who hands an object to the manipulator. The size of this manipulator is determined on the basis according to the size of the human arm. The manipulator can produce the characteristics of the joint angle velocity obtained from the results of an object transfer experiment (9) , (10) . Figure 5 shows the block diagram of the manipulator. Age-related characteristics, which are based on previously obtained data, are input to a personal computer to generate driving data. The generated data indicate the elbow, shoulder and trunk motions. The personal computer generates the driving data of the elbow, shoulder and trunk motions, which are then sent to each drive circuit through I/O. Each circuit has a microcomputer and stepping motors, which are used to move each joint of the manipulator. In the object transfer motion using the manipulator, clothes cover the dual manipulator to reduce the mechanistic impression for the participants in the experiment.
Selected Items in Semantic Differential (SD) method
SD items were selected for the experiment in section 5. To select these items, we referred to those that had already been chosen in a previous study (11) . In this study, three factors were extracted by factor analysis: reliability, familiarity and activity. There were 29 items in the original questionnaire; however, we selected two items for each factor because the evaluations were conducted in the experimental set up. These are shown in Table 1 . The questionnaire used the seven-point binary Likert scale.
Experiment
To evaluate the motion of a manipulator, which has three types of motion area and three types of motion velocity, the following experiment was conducted by the SD method. If the obtained evaluation results are clarified and such a manipulator is constructed, the motion is suitable for a person who performs cooperative work with a robot. In this experiment, 16 elderly people and 16 young people participated. A subject sat on a chair facing the dual manipulator on the opposite side of the table and adjusted the position in the measurement range. The motion areas and motion velocities of the elderly and young people were defined on the basis of results in section 2.
In addition to these areas and velocities, we defined a novel area and a novel velocity to be the robot arm motion area and velocity, respectively. In the robot arm, the right and left manipulators are considered to be used automatically at the same ratio when the robot takes an object located at the center of both manipulators. Therefore, the right and left arm areas were identical in size. Since only Table 1 Items and factors used in this experiment the right arm is targeted in the experiment, if the object is put exactly at the center of the manipulator, this area is included in the right arm area (Fig. 6 (e) ). By comparing these areas (Fig. 6 (c) -(e)), three different object positions were determined (Fig. 6 (f) ), and in this experiment, these three positions were chosen as targets. Figure 7 shows the object positions where the manipulator put the object. In the elderly characteristic motion, only the right arm is used to transfer the object to each of the three positions ( Fig. 7 (a) ). In the young characteristic motion, the left manipulator is used to transfer the object to the left end of the position (Fig. 7 (b) ) and the right manipulator is used to transfer it to the other two positions. Finally, in the robot arm characteristic, the right manipulator is used to transfer the object only to the right end position (Fig. 7 (c) ). The common position of these three areas is (x,y) = (0,240). This position was employed in the motion velocity characteristic experiment. The characteristic that we named a robot motion velocity characteristic is a rectangular velocity pattern, which is often used in robot and machine control. The parameters considered namely, maximum elbow joint angular velocity (ω e ), maximum shoulder joint angular velocity (ω s ), and maximum trunk movement velocity (v t ), are the averages of the maximum values of the young and elderly people. The time for acceleration and deceleration was set to be one-quarter of the total driving time. The velocities were: ω e = 164.3 deg/s, ω s = 57.4 deg/s and v t = 228.8 mm/s. The subjects rated the three types of motion using SD items and were instructed to pay attention to the transfer method used when they rated them. The manipulator repeatedly performed the same motion three times for each type of motion area and velocity so that the subjects could evaluate the motions. The order of the motion was randomly determined using a computer program. After observing each manipulator motion, the subjects rated their impression for every item and repeatedly gave their impression of the manipulator motion. Table 2 shows the mean SD scores (three factors: reliability, familiarity and activity) for the three types of motion area for the elderly and young people. The subject groups (young and elderly people) × characteristics (human arm motion characteristics of the elderly people, human arm motion characteristics of the young people, Table 2 Evaluations of motion area characteristics and robot arm motion characteristics) ANOVAs were conducted using the mean SD scores of the three factors. Groups were between subject factors, and characteristics were within subject factors.
Regarding the reliability factor, a significant main effect of characteristics (F(1,30) = 10.14, P < 0.01) and a significant interaction of groups and characteristics (F(2,60) = 3.05, P < 0.05) were obtained. Using the leastsquares mean, significant differences were obtained between the robot and human arm motion area characteristics of the elderly people (P < 0.01), and between the human arm motion area characteristics of the elderly people and those of the young people (P < 0.01). Also, when evaluated by the young people, significant differences were obtained between the robot and human arm motion area characteristics of the elderly people (P < 0.05), and between the robot and human arm motion area characteristics of the young people (P < 0.01). That is, regarding the reliability factor, the evaluation of the elderly people showed high scores in the robot arm motion area characteristics. However, their evaluation did not differ in the young and elderly characteristic motions. On the other hand, the young people also showed high scores in the robot arm motion area characteristics; however, they showed the lowest score in the elderly people arm motion area characteristics. Regarding the familiarity factor, a significant main effect of groups (F(1,30) = 6.14, Table 3 Evaluations of velocity characteristics P < 0.05) and characteristics (F(2,60) = 4.45, P < 0.05), and a significant interaction of groups and characteristics (F(2,60) = 4.30, P < 0.05) were obtained. Using the leastsquares mean, significant differences were obtained between the robot and human arm motion area characteristics of the elderly people (P < 0.01), and between the robot and human arm motion area characteristics of the young people (P < 0.01). No significant differences were found in the young people. Regarding the familiarity factor, only the elderly people indicated different evaluations in different motion area characteristics. The elderly people showed a higher familiarity with the robot arm motion area characteristics than with the other characteristics.
Only the main effect of characteristics was obtained regarding the activity factor (F(2,60) = 3.88, P < 0.05). This result indicates the absence of an age-related evaluation difference for this factor. In this experiment, there was a difference in the total amount of motion for performing each characteristic. The amount of the elderly motion is maximum and that of the robot motion is minimum. These different motion amounts affected the activity evaluation, which is commonly observed in both subject groups. Table 3 shows the mean SD scores (three factors: reliability, familiarity and activity) for the three types of motion velocity for the elderly and young people. The subject groups (young and elderly people) × characteristics (human arm motion velocity characteristics of el-derly people, human arm motion velocity characteristics of young people and robot arm motion velocity characteristics) ANOVAs were conducted using the mean SD scores of the three factors. Groups were between subject factors, and characteristics were within subject factors.
Regarding the reliability factor, a significant main effect of groups (F(1,30) = 5.59, P < 0.05) and a significant tendency of characteristics (F(2,60) = 2.83, P < 0.10) were obtained. Using the least-squares mean, a significant tendency was obtained between the robot and human arm motion velocity characteristics of the young people (P < 0.10), and a significant difference was obtained between the human arm motion characteristics of the elderly people and that of the young people (P < 0.05). Regarding the familiarity factor, only a significant main effect of characteristic (F(2,60) = 7.72, P < 0.01) was obtained. Using the least-squares mean, significant differences were obtained between the robot and the human arm motion velocity characteristics of the elderly people (P < 0.05), and the robot and the human arm motion velocity characteristics of the young people (P < 0.01), and between the human and those of the human arm motion velocity characteristics of the young people (P < 0.05; P < 0.01; P < 0.05). Only the main effect of characteristics was obtained regarding the activity factor (F(2,60) = 5.21, P < 0.01). From the motion velocities, both subject groups gave a high score in the human arm motion velocity characteristics of the young people.
Conclusions
In this study, elderly and young people evaluated three different manipulator motion area characteristics by the SD method. The results of the evaluations were different between these two groups. The elderly people showed a higher reliability and a higher familiarity with robot motion area characteristics than with the other motion area characteristics. The young people also showed a higher reliability with robot motion area characteristics than with other characteristics: however, they did not indicate a different familiarity to any other motion area characteristics. The amount of robot motion was smallest among the three motions. Therefore, both groups evaluated this motion as the least active motion. This motion might be considered the most efficient motion for performing a task and the elderly people showed a high evaluation of such an efficient motion. Only the elderly people differently evaluated these motion area characteristics regarding the familiarity factor. This result indicates that elderly people are more sensitive to the manipulator motion areas. In addition, their impressions might be more affected by the motions than those of young people. The reason for the age-related differences in the evaluations is related to the different robot images between the two groups. Discussions with the participants after the experiments indicated that the elderly people have more classical and mechanical images of robots than the young people. On the other hand, the young people have more technological images of robots, such as humanoid robots than the elderly people. The manipulator used in this experiment was more similar in shape to the images that the elderly people have than to the images that the young people have. Therefore, the elderly people may evaluate a higher familiarity score than the young people.
There were no age-related differences in the evaluation of motion velocity characteristics. The reason for this result was not identified in this study. However, the preference tendencies of both groups about motion velocity characteristics were clarified from the results of this experiment. The age-related differences in the evaluations might have depended on the motion area characteristics in this study rather than on the velocity characteristics. The preference evaluations of the robot motion might differ for different motion aspects. Therefore, we should investigate many aspects of the motion impressions and collect more data when planning the motion of manipulators for elderly people.
